A critical review is presented of the observations of the Cosmic Background spectrum and anisotropies. Some cosmological impltcations are discussed and future programs are Illustrated.
INTRODUCTION
The main goal of Cosmology Is that of explaining the origin and the evolution of the structures we observe today 1n the sky <stars, galaxies, clusters of galaxies etc.). Referring to figure 1, we see that there are two approaches to this problem which, for sempl1city, we w1ll call t/Je Astrop/Jyslcal Approac/J and t/Je Cosmologlca1 Approach In the former the Idea ts to understand the physics of the objects we observe tn the sky through careful analysts of their properties. We are thus able to predict their evolution: this allows us to extrapolate our results into the unobserved Early Universe. The main advantage of th. is approach lies in the possibiltty of observing a wide variety of objects In the entire electromagnetic spectrum. The main weakness of the Astrop/Jyslcal Approac/J 11es partly In the observations and partly in the theory: most of the objects do not show any evolution even at the greatest distances. The remaining objects (like radio-galaxies or quasars) do Indeed show evolution, but are so distant that It Is difficult to study them and the results are questionable. The theoretical 11m1tat1ons arise from the fact that these objects are well formed structures, 1.e. their evolution lies in the non-linear regime where physics ls difficult to understand. However, very recently, Silk and Vittorio ( 1986) have shown that the study of the velocity field of the largest structures can avoid this problem, since such structures still lie In the linear regime. The Cosmological Approac/J moves from the early towards the present day universe. The aim of this approach Is to understand the physics of the early universe, when the perturbations first formed were responsible for the observed structures. The main advantage of such an approach lies 1n the fact that the evolution of the perturbations In the early universe was most certainly linear. Therefore, given a theory for the formation of the structures and the chemistry of the early universe (barlonic vis non-barionic matter) the predictions are then stralghtfoward. The two main weakness of this approach are: first, the physics of the Early Universe is unknown and second, confrontations with the observations are difficult. This has led to a number of theoretical cosmologists suggesting a vast amount of theories, from which the scientific community naturally Infers that the field Is highly confused and that the results are too model dependent. The lack of sensitive and reliable observations is certainly mainly responsible for this situation. It Is now widely believed that an Increase by a factor of ten 1n the sensitivity of the measurements of the Cosmic Background Anisotropies would allow us to use the Cosmological Approach as a potent means of 1nvest1gat1ng the physics of the Early Universe by imposing constraints on the type and number of the non-bar1on1c particles, in the same way as the abundance of the elements 1n the universe constrains the number of neutrino f Javours. In the present paper we will briefly discuss the 1mpl1cations of the Cosmological Approach and the observational situation. However, before analyzing these subjects a word of caution is appropriate. It is clear from figure 1 that the connection between the "Kingdom of Astrophysics" and that of Cosmology ls strightforward only 1f the evolution 1ns1de the "unknown region" ls simple. We are still unable to detect any signal coming from that region: a comp11cated pattern lying inside the dark region could substantially reduce the significance of our efforts.
Ktngdom of Cosmology

Brief historical survey
Since 1968, Sunyaev has suggested that one can explore the regions at Z>>Zd <zd~1000) by observing the spectral distortions of the Cosmic Background Radiation. In standard Big Bang Cosmology the microwave photons are the fully degraded remnant of the gamma-photons which originated during the matter-antimatter annlh11atlon: therefore they do not carry information about redsh1fts larger than Zd· However, if some unknown energet1c processes were to have injected suff1c1ent energy Into that background, one should be able to detect distortions corresponding to processes which occurred as early as z::;:: 108. Several research groups have devoted their efforts to searching for possible deviations from the pure planckian spectrum. Large deviations suggested by early invest1gators, like those quoted by Harw1tt and Sh1vanandan (1968) and We1ss ( 1973) , were later found to be due to instrumental effects. In 1974 Dall'Oglio et al. proved that the Intensity around 1 mm of wavelength corresponds to a blackbody w1th a temperature not greater than 2.7 K. This result was contested by the Berkeley group lead by P. Richards, who found a temperature of the order of 3 "K in the same wavelength region. Very recently the results of Berkeley group have been proved to be erroneous by both optical observations and new Infrared large-band measurements carried out by the same group. A review of the experimental results of the spectrum 1s given In the following section: the main conclusion is that no deviations have been found within a few percent from the 2.7 "K blackbody spectrum. Whl le several groups have concentrated their efforts toward the measurements of the CBR spectrum, a few other groups have commenced observations of the spatial distribution of the CBR. In fact, the cosmological implications of the study of the CBR anisotropies are gradually being discovered. A key point was establllshed in 1980 by Fabbri et al. when they pointed out that anisotropies at angular scales larger than a few degrees would encompass the horizon at Zd. Therefore, these anisotropies have remained unchanged from the beginning, thereby providing lnformat1on on the primordial spectrum of the perturbations. The authors also provided a stringent upper l1mit for CBR anisotropies at angular scales of 2· and s· ( 1980). At these angular scales what we are observing is the structure of the universe unperturbed from the Planck time, or lmmed1ately after the lnflat1on epoch<~ 1 o-33 sec). It Is hard to Imagine a more powerful method for exploring the earliest eras of the universe. At an angular scale of s· the Florence group has, indeed, observed signals more than 3 standard deviations above the noise, but lt 1s still not clear if they are due to galactic clouds or 1f they are true cosmolog1cal an1sotrop1es. At larger angular scales "local" effects prevail such as the dipole an1sotropy due to the mot1on of our galaxy with respect to the last scatter1ng surface, and possibly a quadrupole-like anisotropy Induced by the large scale structure of our universe. The discovery of the dipole anisotropy has been very difficult; since [1969] [1970] [1971] Conklin and Henry have clearly observed this, but the results were disregarded on the basis of the determination of our peculiar velocity towards the Virgo cluster obtained by Sandage and Tamman Cwho suggested a nearly zero velocity) and on the basis of the erroneous upper limit of 1.7 mK fixed by Partridge and W11klnson with the Yuma experiment. The dipole anisotropy was finally rediscovered by Wllkinson (1977) followed by Smoot (1977=79) . In a balloon flight carried out in 1978, Fabbri et al. observed the dipole anisotropy In the far Infrared, thereby providing evidence of Its "planckian" character. They also found a distortion in the dipole pattern which could be attributed to the presence of a quadrupole pattern alligned with the dipole direction. Wilkinson soon claimed to have observed a similar effect In the radio data, which seemed to confirm the cosmological nature of the deviation. The situation became confused when Smoot and Lubin found no distortions, and WI Jklnson in subsequent fl tghts confirmed the absence of the quadrupole anisotropy. The Florence group repeated several balloon flights and found that a large part of the observed effect was due to our galaxy, but a residual of ~ 10-4°K was still present: It ts not clear if such a residual Is due to the presence of "cold" galactic clouds. No significant progress has been obtained after this result. The main difficulty in large-scale measurements ts due to the presence of our galaxy, which radiates both In the radio and Infrared region. High sensitivity maps of the galaxy are needed, but the situation is far from being satisfactory. In the Infrared the contribution of our galaxy has been evaluated by Florence group to be of the order of 50 µK towards the North Galactic Pole, while R. Weiss estimated values ranging from 1 mK down to 1 O µK. In the radio region the contributions estimated by Wilkinson and Smoot are definitely beyond the expected values extrapolated from low frequency and high frequency measurements. These facts could suggest the presence of various emitting clouds with different temperatures and, possibly, with different dimensions of grains (Interstellar grains larger than 50 µm have been suggested by Andreanl et al.( 1986) on the basis of the analysts of IRAS data). The search for small angular scale anisotropies started with the discovery of the CBR, but Its theoretical motivation had to wait for the development of reliable theories on galaxy formation.
The prediction from adiabatic theories of dT IT~ 10-3 was easily ruled out from the earlier observat.ions. This forced theoreticians toward more and more complicated hypotheses, until the possibility of non-barlonlc matter was suggested. From an observational point of view, we are limited by the emission from radiogalaxi.es in the radio region. Partjnsktj has already reached such a limit and has attempted to improve it by studying the spectral signature of the signals. In the Infrared, the efforts have been limited by the atmospheric fluctuations, and they remain about 5 times worse than radio l1m1ts. The relevance of fine-scale anisotropy Is that of probing the theories of galaxy formation at the decoupling epoch, when the perturbations were still in linear regime: the main weakness of this study 11es 1n our ignorance about the history of the universe after the decoupling. If a strong and early enough re-ionization occurred for I OOO~Z~20, the fine-scale anisotropies have been cancel led and substituted by intermediate-scale anisotropies. Nevertheless, the theory anticipates no anisotropies for angular scales smaller than a few arcminutes due to the thickness of the last-scattering surface. A general criticism could be made regarding the results of the search for CBR anisotropies: the upper limits quoted by the authors are "optimistic", in the sense that an increase of a factor 2-3 ls always possible without violating the experimental data. This is due to the corrections used by the authors for evaluating galactic contributions and/or to the use of exotic mathematical analyses which sometimes appear to produce upper limits well below those estimated by a simple evaluation of the instrumental sensitivity.
3-Spectrum of the Cosm1c Background Radiation
Measurements of the spectrum of the CBR fall into three categories:
O-ground based observations carried out with microwave radiometers in the Raleigh-Jeans portions of the spectrum<~~ 3mm); Ii) ground based observations of the optical absorption of CN interstellar molecules, supplying an indirect determination of the temperature of the spectrum In proximity of its maximum(~= 1.3µm and~= 2.6µm); i10 balloon borne observations, using bolometric detectors, embracing the peak of the spectrum.
Let us consider separately the results obtained with each of these techniques.
1-Radiometric Observations
These experiments measure the difference between the power received by an antenna facing upwards towards the sky, and the power collected when the antenna looks at an absolute reference cold load. The power from the sky is then obtained by adding to the measured difference the known power emitted from the reference. In turn, the power received from the sky Is a result of several contributions, the most important of which are: the cosmic background radiation, the galactic emission, the atmospheric emission and the diffracted ground emission. The undesired sources of radiation are minimized In different ways: thus observations are performed in high mountainous areas to reduce the atmospheric signal, and are limited to areas of the sky at high galactic latitudes to reduce the galactic signal; low-side-lobe antennas and shields are used to remove radiation from the ground and other celestial sources <sun, moon, planets).
Despite such efforts, the problem of disentangling the CBR from the contribution of other sources remains crucial. The most Important spurious background to be taken tnto account ts the atmospheric emtsston, which ts large and variable due to water-vapour fluctuations. Usually, the atmospheric signal is evaluated by scanning the sky and comparing the flux at the zenith with that at different elevations above the horizon. In ear11er experiments CPenzlas and Wilson, 1965-1967; Howell and Shakeshaft, 1966; Stokes et al., 1967; Wilkinson 1967; Boynton and Stokes, 1974) observations were restricted to single wavelengths and the values of the CBR thermodynamic temperature which were derived, were affected by errors as large as 10% or 20% Csee Weiss, 1980 for a comprehensive review of these results). More recently, a coordinated set of observations at five different wavelengths (0.33, 0.91, 3, 6.3 and 12 cm) has been carried out through a collaboration Involving research groups at Berkeley, Milano, Bologna, Haverford and Padova- (Smoot et al., 1983) .
A deta1led description of the experimental apparatus along with preliminary results of the measurements has been given by De Amici et al, 1984; Frieman et al., 1984; Mandolesi et al., 1984; Slronl et al., 1984; Partridge et al., 1984 . (see also the paper of Mandolesi et al. presented at this meeting) Experimental errors were considerably reduced compared to the past, as observations at different wavelengths were calibrated using the sante. reference cold load. In addition, the atmospheric contribution was more carefully evaluated by adding a sixth radiometer operating at 3.2 cm: the atmospheric water vapour content was also monitored Waugh the 0.33 cm radiometer. The most updated results obtained with this experiment are shown In Table 1 
J.2-Observations of the Optical Absorption of Interstellar CN
Absorption line spectroscopy of Interstellar CN molecules allows an Indirect determination of the CMB temperature at wavelengths near the peak of the distribution. The method may be outlined as follows: measuring the strengths of the R(O) and RC 1) absorption lines near 3874 A provides the relative abundances of molecules In the ground and first excited rotational states; since the J=0-1 transition is produced by 2.64 mm photons, and since the main reservoir of these photons in the universe Is the CBR, we can evaluate the CBR temperature at A =2.64 mm. In a similar way, a comparison of the R( 1) and R(2) line strengths leads to a value of the temperature at~= 1.32 mm. Main sources of errors affecting these measurements are: -possible contamination with atmospheric absorption; -collisional excitation of CN.
Earlier CN observations <Thaddeus, 1972; Carleton, 1972, 1974) were too uncertain to allow a reliable determination of the CBR temperature. Only recently Jura ( 1984, 1985) were able, using the 3 m telescope at the Lick Observatory, to attain a precision adequate to derive significant estimates of the CBR temperature. Both sources of bias mentioned above were carefully considered by Meyer and Jura. A weak atmospheric absorption line at)....= 1.32 mm was discovered and taken Into account. Observations were performed In different directions (~Oph;c; Per, o Per) In order to test the Importance of local collisional excitation. This effect turned out to be small. Nevertheless, a minor correction was Introduced In the computation of temperature, based on the expected values of the electron density <electron Impact should be, In fact, the most significant process producing local excitation of CN). Final results (Meyer and Jura, 1985) are : T=2.70 ±0.04 K at 2.64 mm and T=2.76±0.20 Kat 1.32 mm. These values represent the most accurate estimate of the CBR temperature which is presently avatlable.
J.3-Bolometr1c Observat1ons
Observations of the CBR at wavelengths shorter than ~3mm have so far been performed at high altitudes ( high mountain, stratospheric balloons) or outside the atmosphere (rockets). As discussed In section 2, bolometric detectors cooled at liquid helium temperature were used. Spectral analysis was accomplished with Fourier transform spectrometers (Michelson Interferometers), except In the latest experiment of the Berkeley group (Peterson et al., 1985) , which used bandpass filters. Among the several sources of errors affecting these measurements, atmospheric emission (for the balloon borne experiments) and earthshlne cause major uncertainties. Rocket experiments, on the other hand, are seriously limited by very short observation times (a few minutes). In earlier experiments (e.g. Beckman et al., 1974; Robson et al., 1974; Mather et al., 1974; Dall'Ogl lo et al., 1976; Woody and Richards, 1979; Gush, 1979 Gush, , 1981 strong uncertainties also arose from the lack of precise in-flight calibrations.
Th1s 11m1tat1on could, 1n particular, account for the apparent deviation of the CBR spectrum from the blackbody curve claimed by Woody and Richards In 1981. In fact, that effect has not been confirmed by further observations performed by the same group of experimenters (Berkeley Laboratory) using a more refined apparatus which includes a 3 K blackbody calibrator (Peterson et al.) I 985). Peterson et al.' s observations represent the most recent measurements so far obta111ed w1th the bolometric techn1que. Nevertheless, they are not devoid of ambigu1t1es. One po1nt concerns a steady decrease (-2% per hour) of the signal from the sky (while the s1gnal from the calibrator was stable). Th1s unexpected effect could be due to either a decreasing atmospheric emission or changes In the detector sensitivity caused by frozen a1r settling Into the cold antenna. Temperatures derived by Peterson et al. at the five wavelengths explored (I; I. I; 1.5; 2 and 3.5 mm) are given 1n Table I . Errors are evaluated In two different ways.
It ls seen that within the "conservative" errors (which should be more real1st1c), all temperatures are consistent w1th a single value of T (2.78±0.11 ).
J.4-Conclus1ons
lnspect1on of figure 2, where measurements performed with the three different techniques described above are plotted together, shows that the spectrum of CBR is well characterized by a single value of temperature (T -2.75 K). No deviation from the Planck curve has been detected so far. It Is difficult, however, to place an upper limit on possible d1strotlon of the spectrum.
Comb1n1ng the "conventional" errors given in Table 1 F1gure 2: rad1o and 1nfrared data on CBR temperature It should be stressed, however, that the way In which these errors were evaluated ls questionable: 1n fact most of the uncerta1nt1es affecting the determ1nat1on of temperature are systematic, while In the computations they are treated as statistical. In the case of bolometric measurements a more conservative estimate of errors g1ven by Peterson et al., 1985 leads, for example, to the value ±0. 11 K, wh1ch ls s1gn1f1cantly larger. (Peterson et al., 1985) wavelength ( The CBR anisotropies have been observed at several angular scales and at different wavelengths. In order to take both these po1nts into account, a three dimensional plot Is adequate, as shown 1n figure 3 . Figure 3 : the shaded area represents the limit posed by the sensitivity of the instruments with an integration time of~ 3 months vers In th1s figure we have also indicated the surfaces due to expected sensitivity of the best ava1lable Ir and radio detectors. In Figure 4 the same plot Includes the expected anisotropies. One can see that few experimental data are close to the theory based on massive-neutrinos: th1s fact could be Interpreted in favour of such a theory as well as indicating that this theory w1ll be eliminated by a simple Improvement of a factor 2-3 In sensitivity. We note that the most sensitive observations of Parijnsklj should, indeed, render possible the observation of the gradient of the dipole anisotropy. A few words of caution are needed with respect to the upper limits on the quadrupole anisotropy. Radio experiments were not designed to detect the quadrupole pattern: due to their symmetry the quadrupole component can be detected only by comparing sky regions separated by several degrees < a quadrupole signal is converted into a dipole signal in these experiments). The reliab111ty of these 11m1ts lies in the accuracy of the calibration: a point which is even more delicate 1n the case of averaging results of various balloon flights. By taking 1nto account these facts, one should use a conservative upper limit of 0.3 mK for the quadrupole, which ls close to the value of O. 1-0.2 mK found for the infrared distortion on the dipole. The future poss1b111t1es of the search for the CBR anisotropies are limited by the galactic and extragalactic backgrounds. Various Information ls already available on this subject, and this has enabled us to draw the "lim1t1ng surface" of figure 5
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Figure 5: lim1ts due to galactic emfss1on and to extragalactic radio sources It ls clear from this picture that a s1gn1flcant improvement can be reached by earring out observations 1n the millfmetr1c region and at angular scales ranging from 1 O arcm1nutes to 5 degrees.
